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ABSIRACT:  A  purified  high  bulk  deneitT  fom  of  BRS, 
6,6*-hexanitro8tilbene«  Ms  been  produced  froei  Orede  I  BIQ  In 
e  continuous  extraction-ireerystellisation  apparatus  using  a 
mixed  solrent  system  of  acetonitrile-tcluene.  Three  extractors 
of  one  liter  capacity  have  been  operated  continuously  to  produce 
about  UX)  g/day  of  HNS  with  a  bulk  density  of  O.50  ft4:l  or 
greater.  Both  the  melting  point  and  the  vacuum  stability  of 
mfS  are  Improved  by  this  process.  This  product  has  been 
.designated  "Grade  II  HRS.”  Scale-up  of  th«  process  is  con¬ 
sidered  to  be  entirely  f«!asible.  (C) 
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lOISR  £^1IS  26  August  I965 

Ihls  report  describes  the  production  of  high  bulh  densitar 
2*2*,^«^'*6f6*«hexanitro8titb6ne,  Orade  ZT  HSS.  ffliis  heat 
resistant  explosive  has  been  proposed  for  use  in  itild 
detonating  fuse  and  flexible  linear  shaped  charge  eomi>onents 
for  hi^  speed  aircraft  and  space  vehicles.  The  work  reported 
here  was  carried  out  under  Task  RUMB*4e>000/212-1/P008-OB»11 
(Study  of  Explosives  Properties). 
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TlM  telfc  tejwiity  9f  s,?^r4.^S6.€^T4ic»mltrMtlUb«a««  SS8, 
acp«n$s  <m  §^teX«  size  end  chap*,  s^  tb#»e  a«y  beccM 
erlti^  vee#  Applie&tions,  9rad«  I  RSS*  -Is  «  llffit 

ie^  P&fder  vith*  skaU  pa2^1oX«  aite  asd  Xctt  Imlk  denslt/} 
nuiglng  free  O.fiS  vg  0«^0  i£/ifil.  7hi«  iiAtailal  has  been  reported 
id  b*  Q!^t9  Mltebie  ia  end  booBters  fer  nild  detonatlnd  ftee.* 


Under  the  p9l$risi»d  nlcroaeoce  BUS  Indlcatee  *  nono* 
eXindc  eryatai  forsj*  hes^evs^.  bec&use  of  its  tendency  to 
r«ez¥stelliee  in  cluctora  cf  needles  trhich  are  highly  twlnnad^ 
no  »u)^  osyatals  sufficiently  large  for  thorough  study  hare 
bten  o'etaineo^  Sis  ^iiublllty  of  HNS  in  MSt  organic  eolTente 
ia  extrsBCly  1ok-«  Secryatallization  frciu  high  boiling  polsur 
sGXvents  such  as  nltrob&r^^ene,  dlnethylfomaailde  and  disethrl 
sulfoxide  tend  to  sive  thin  needles  with  bulk  densities  in  tee 
rang#  of  0«SG  to  0<S^  g/kl. 

fhe  g£«l  cf  this  study  has  been  to  produce  a  high  bulk 
density  HNS  with  physical  and  explosive  properties  desirable 
for  iG&diiig  into  mild  detonating  fuse  and  flexible  linear 
shaped  charge  syste&e.  Such  a  product,  designated  Grade  II  BR8, 
has  been  produced  froa  Grade  I  KlfS  by  continuous  extraction* 
recrystalllsation  in  the  apparatus  described  for  the  production 
of  hi«^  bulk  density  DISAK.*  It  was  found  that  acetonitrile* 
tolnen*  as  a  double  solvent  sydtem  was  effective  for  HNS  in  the 
eentinuotu!  apparatus.  The  process  coatbines  a  Isw  boiling  fair 
solvent  with  a  higher  boiling  poor  solvent.  The  recrystal* 
lication  solution  is  stirred  to  prmote  equal  rates  of  growth 
of  the  crystal  faces,  seeded  to  minlniee  spontaneous  nucleatlon 
and  rsfl'oeed  continuously.  The  condensing  solvent  is  pacsed 
through  the  Grade  I  BNS  in  the  upper  body  of  the  extractosr  and 
filtered  back  into  the  boiling  flask  as  a  continuous  feed  for 
the  growing  crystals  cf  Grade  II. 

Appro9ci£»at«ly  eight  pounds  cf  Grade  II  HNS  have  been 
produced  during  this  study  and  sn  evaluation  of  its  orplosive 
properties  is  currently  being  done  by  the  Explosion  Oynanies 
OiTtsion  of  these  laboratories. 

DISCtTSSXON  AND  SESGXTS 

Screening  of  acl'/ent  pairs  for  use  with  HNS  showed 
6C»«one*carbctn  tetrachloride,  tetrahydrofuran-'toluene  and  methyl 
ethyl  kstene-toluene  to  iiave  axtr^aely  slow  extraction  rates 
and  tesrefore  to  be  impraevical  for  »caled-up  production.  Mix* 
tures  c-f  acstohitrile -toluene  were  found  to  give  better  rates 
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■aA  laprovad  emtal  ahapM.  A  aixtura  of  S:l«  aeatooltrilas 
to3Mana«  «»a  a^Laetad  for  tha  original  recryataUiaatlon 
axpariJMBta  ualng  2000  al  flaaka  with  tba  i^^peurat^ta  abown  ia 
llgtira  1.  la  the  body  of  the  extractor,  eonatrueted  froa  a 
90m  eoarae  fritted  glaaa  funnel,  waa  placed  100  gft  of  BX8. 

Both  Grade  Z  ERS  (Figure  G)  end  H!fS<>R  (Fi^re  3),  reeryatal- 
Uaed  froa  aitrobenaene,  were  uaed  as  starting  aaterlala  for 
tbeae  eocperiaaiita  and -gave  identical  Grade  II  BUS  producta. 

Xhe  upper  body  of  the  extraction  apparatus  was  fitted 
with  a  reflux  condenser  and  a  ground  shaft  glass  stirrer  with 
Teflim  blade.  It  was  found  necessary  to  operate  this  stirrer 
«ily  when  the  filtration  rate  slewed  because  of  partial 
plugging  of  the  coarse  frit  causing  a  liquid  level  build-up  la 
the  extractor.  For  all  experinents  these  stirrers  were  tuined 
off  overnight  and  uaed  only  intemittently  when  attended. 

The  solvent  Bd.xture  was  placed  in  the  recrystalllsing 
flask,  stirred  with  a  Teflon  covered  magnetic  stirring  bar, 
and  refluxed  for  periods  of  20  to  50  hotirs.  The  initial 
experiments  without  seeding  gave  material  with  bulk  densities 
between  0.3  and  0.4  g/ml.  In  subsequent  experiments  the  flask 
was  seeded  with  10  grams  of  the  highest  bulk  density  material 
available.  Depending  on  the  total  time  of  operation  and  the 
bulk  density  of  the  seeding  material,  conversions  to  Grade  II 
varied  from  30  to  and  bulk  densities  varied  from  0.4  to 
0.62  (Figure  4). 

After  48  hours  of  operation  the  solvent  mixture  beesM 
dark  in  color.  It  was  found  that  the  filtrates  could  be 
treated  with  activated  charcoal  tjad  re-used  to  give  satis¬ 
factory  Grade  II  BR3.  Examination  of  the  filtrate,  by 
evaporation,  revealed  a  concentration  of  0.2  g  of  solids  per 
100  ml  of  solvent.  A  thin  layer  chromatogram  of  this  solid 
residue  showed  two  spots  of  approximately  equal  sise.  One  was 
identified  as  HRS  and  the  other  as  2,2',4,4',6,6*-hexanltrc- 
bibensyl* . 

All  samples  of  Grade  I  HRS  which  were  checked  by  thit 
layer  ahrouatogra]^.  (TLC)  showed  faint  spots  of  the  hexa- 
nitrobibenzyl  as  an  impurity.  Rone  of  the  Grade  II  ERS  ssaplec 
showed  any  Impurities  by  TLC.  It  was  possible  to  make  a  remgh 
estimate  of  the  smeunt  of  blbenzyl  present  in  a  100  g  charge 
of  Grade  I  HRS  after  48  hours  in  the  continuous  extractor. 
Because  the  hexanitroblbenzyl  is  much  more  soluble  than  the  HH3, 
it  can  be  assumed  that  nearly  all  of  this  impurity  would  be  in 
solution  in  the  reezystallising  flask.  Thus  with  950  ml  of 
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•olntlon  eonUialng  0.2  g/lOO  ml,  lutlf  of  which  1*  the  blhcusfl* 
*  a  totcl  of  at  least  0.S5  g  was  present  originally  In  the  200 
grea  charge;  or  approodnately  a  liapitrity.  Ho  other  is^url- 
ties  were  apparent  in  the  0ra4e  I  RHS  and  it  is  reasonable  that 
the  presence  ot  1  to  2)t  of  the  bibensyl  could  cause  the  lover 
selting  point  of  Grade  1  coshered  to  Grade  II  HHS. 

Several  of  the  later  expenaents  using  700  al  of  aceto¬ 
nitrile  and  250  al  of  toluene  (2.8:1  ratio)  gave  the  highest 
>":lk  density  products  (Figure  5) .  Ho  study  was  aade  of  the 
.jlniaun  aaount  of  toluene  required  to  produce  Grade  II  Hra. 

Also,  no  substitutes  for  toluene  were  tried.  It  Is  possible 
that  other  hlgh-boillng,  stable  solvents  would  have  the 
desired  effect  on  crystal  she-pe  and  give  high  bulk  dmity 
products. 

Operation  of  the  three  1000  ml  recrystalllsers  shown  in 
Figure  1  gave  an  average  of  100  gra  of  Grade  II  HHS  per  day. 

A  blend  of  3.8  lbs  of  Grade  II  HNS  was  prepared  and  designated 
X-528.  This  blend  had  a  bulk  deiislty  of  O.55  g/ml.  A  minimum 
bulk  density  of  0.50  g/ml  was  established  for  qualification  of 
HNS  as  Grade  II.  Table  1  compares  X-3c0  with  Grade  I  HNS  and 
HNS-R  (recrystallized  frm  nitrobenzene). 


ACKNGfnaXMEHT 

The  authors  wish  to  thank  Dr.  J.  N.  Rosen  for  preparing 
the  photomicrographs  reproduced  here.  Impact  sensitivities 
were  determined  by  Mrs.  Sarah  Duck.  Vacuum  stability 
determinations  were  made  by  Mr.  H.  T.  Simmons. 


3 

COHFlDgiHriAL 


CONFIOiNTiAl 

NOin«S>l4> 


FIG.  I  A.  GRADE  I  HNS  IN  BODY  OF  EXTRACTOR 

e.  GRADE  E  HNS  CRYSTALS  GROWING  IN  1000  ml  FLASK 
C.,  25f.«t  O.D.  VAPOR  DELIVFRY  SIDE  ARM 


4 

CONFIDENTIAL 


CONHOCNnAL 


• 

M 


FIG.  2  GRAOFI  HNS.  SOX 
SUIK  D£NSliY  -  0.25  ft/ml 


FIG .  2  HNS-^  .'ROM  NJTROUNZENt;  SOX 
2UIX  OtNSiTY  -  0.25  ft  xJ 


FiO.  <»  grade H  HNS  SOX 
tULK  DENSITY  0.50 


FIG .  5  G2ADE  a  HNS  SCX 
WLK  DENSITY  0.62  a/m\ 
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CJOECgl  Zb  tlw  ytBpcrBtiott  asi  pyoowalBK  af  had; 
z«stst«nc  oploBims  i?Kt.T— fi  e«r»  nost  to  t«M  to  aweid  ««»-  • 
tgrtnrriMett  of  tta*  prodoeto.  Sba  praaeaea  of  fltor»  firw  filtor 
9««r  or  eloth,  or  eoetoalaatloB  to  stooM,  dust  or  othar 
oxtraraocf  aattar  ato  aorioBoto  afrosi  ttm  toat  raoiBtoooa  «t 
ttooa  eet^>ctii!a  ana  oanaa  tisaa  to  to  on—LlftMa  for  tto  a|ipll> 
catiano  propooal« 

All  yoetoaaa  daoerltoA  totro  oara  eazrlad  ovt  ia  oloaw 
SlossKara.  So  toetyaflllrtto  arperstra  «ltli  grtond  Joiato 
«BC  ojaaBblad  groaoa.  frittod  gloss  foooals  «azr 

osod  for  fUtntloa  sad  dSTiag  ms  dons  la  elsoa  gloss  dlstoo 
la  s  eleon  stdalot#.  stool  fcrsrd>olr  oma.  7bm  drlod  toads  IZ 
WSt  aas  stored  la  tlM  aoutli  teom  gloss  tottlas  «iUi  fofloa 

OOP  liSKTS. 

Cootlaspgs  Istragtlca-lacrystolllsotleo.  toogo  II  MB. 

A  slxtara  of  250  si  of  tolasns  sad  200  al  of  oestoeltrllo* 
ms  ploosd  la  tto  iOCO  al  boil-to  floso  of  tto  oztroetloc  «ppo> 
rotas,  tor  too  idtlol  oo^rlasats  ao  Orsde  Z7  SB  ms  omltoMo 
for  saodlag;  tommy,  oil  sotae^scst  oaporlseats  vers  stodsd  to 
aMfng  10  grm  of  Orodt  n  BBS  to  tto  floso.  A  slurry  of  100  g 
of  Orods  I  BBS  or  BS»1  la  5C0  al  of  osstooitnio  m#  pourod 
lato  tto  icgMr  osctloo  of  tto  apporstao  asA  annootl  to  flltor  to 
grsTito  lato  tto  toU^'Op  floao  idOoh  ms  stirrsd  o  fdflaa 
comrcd  nognstir  tor  oad  tootsd  wlto  o  01os>«ol  asatio. 

Xos  totof  aoetloc  of  tto  oactraotor  ms  fittod  vitl;  a 
tsflea  fcladL.  gpoaad  shaft  stlrror  aad  a  rsfloz  oondsasor,  Aa 
cloetrie  toatlag  tops  ms  ploeod  oromd  tto  body  to 

Bolatola  o  tosporoturs  of  T^lfPC,  jmx  toXov  tto  toiUag  polad 
of  aoetooltrlle,  too  oolTsat  alzturs  ms  rtflasad  ecatlai»«sl]r 
for  24  to  48  nooro.  Ito  roflas  rato  ms  odiaotod  to  orold  a 
Ucold  lovol  hBlld>ip  In  tto  tody  of  too  extractor,  Sto  Ugeld 
loml  la  tto  boll'tp  floss  ms  mlntolnod  mil  obeoo  tto  loml 
of  eootsct  of  tto  hsotiag  asatls  vo  avoid  local  overtostlag  OBd 
poosiblo  dorrssinc  of  tbs  reoryatolUssd  predaot. 

After  the  rofluz  period  to:  oirtsrs  ms  allomd  to  eoel 
to  rooe  te=^rature  «ad  tto  Oredo  ZI  BBS  ms  collsctod  oa  « 
vaeum  funnel  with  coarse  fritted  disc.  Tto  product  ms  mstod 
on  Tto  fvrtol  vltb  200 ^al  of  abcoloto  eethsaoi,  then  dried  la  a 
ferood  air  oven  at  l^O^C  for  16  to  18  hours,  A  typical  expefl- 
sont  gave  60  g  of  Credo  11  K3SS  with  a  bale  density  of  0.52  g/al 
end  e  aeltlag  point  of  518^  (dee.). 
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StM  Isitlal  MqpctlMsU,  wClng,  MWriajt 

vltli  *  feidk  §mmi*r  of  0.35  t  0.40  c/bl.  tt*  oa^trt— tt> 

«BS«i  20  ft  of  OMfto  XI  OS  far  owi^ni:  uA  cfrrtlnft  for 
48  deiirg  ftnr*  a  boUc  ftossilgr  nofto  of  O.50  to  C.80  f^U  ftftor 
currcotiag  fsr  tbo  waiftSst  of  ntiAlm,  tba  caamtlam  to 
Ozoda  ZX  B5  xanftod  frea  50  to  605.  poreont 
«oc2£  bo  iBerooood  bgr  «TtmtlT<ft  tbo  oactzaetlOB  tloo;  fisMonr, 
tkm  oxtJsetlOB  nto  ftoezooood  ofan  a— IXor  nopti  o.f  aotorUI. 
-roMOSaoi  la  tte  oxtnetor.  9»£t,  It  vao  ontltiary  oatf  aorc  a 
-aottor  of  eooamloaeo  oo  to  idMo  tia*  cftozatlOB  oanold  bo  flo« 

'  coBtiaBOft  oal  t2ao  frsAact  tUtofoi.  Mtt  actorlol  rowriTrfflft  la 
tte  crtaoetor  ooo  aooft  la  Um  asrt  otgiitamA, 

bxcnroTT  of  ftolooafta. 

X&o  oe«toBitTllo«tQZMUo  oolyoai  adztero  boeoao  dost  broon 
la  eolor  after  a  43  bour  axtatettga^reeryataniaatlatt  period 
vltii  B3  erlftlaal  e^ozft*  ef  IOC  ft  of  (^ado  I  £3CS.  Sbo  fUtnEto, 
950  mlt  vta  treated  vita  20  ft  of  Sazeo  actfntad  diareool 
tShea  filtered  tiPlse  tfcrsa^  ftlaea  fiber  filter  pods. 
ealatioe  me  as«d  again  ia  tbe  sett  oontlapooa 
aad  ftara  rlallar,  tpod  Gsoda  ZX  HS. 

ali^MJt  af  200  al  of  a  obarocal  treated  ocetccitrilo- 
tolaeae  filtrate  voa  ce»crated  to  dzyseas  to  gire  0.20  ft  of 
reaid&e  indjeatlng  tbe  loea  of  aaterlal  dsi^  to  selsbilltF  to 
be  1.9  ft/100  ft  ezperlaeat.  Ssla'leyer  ebromttegraptie  aualyala 
of  tfcia  reai&se  vaa  carried  oct  oa  fiillea  gel'^  platoo 
(leaeareh  Specialtlea  Co.,  ItLgtaoaid,  Calif.).  Ste  laapJa  sao 
appUad  to  the  plate  aa  a  aaterated  aeatooe  aolstloo,  dee  eloped 
aith  benscfsi  aod  TiaQalixed  by  ^raylzg  vith  as  aleoholte  aols- 
tioB  of  pctaralm  hydroxide.  Too  gpot9  of  a;^^7cx1JMrtely  ei^eal 
ciae  vere  prearst.  Ctoe  apot  waa  Idceatieal  to  that  for  psra 
SB  aad  tha  ether  to  pure  2.2*,4,t>',6,6*-hezasitrohitesC7l. 

Secede  each  re>«a«  of  the  aolmst  Kiztsra  allcea  a 
ijKreaae  ic  the  eoBcestratioe  of  the  baxssitrcblbeszyl  iapurity, 
it  ia  rec  oTTvled  that  Che  aeatceltrile  be  reecrered  by  dlLo- 
t.'Uetlcn  «h*re  practical,  aad  that  the  tolaane  aad  reaidaae 
be  diacardad. 

Balic  Ptcalty  Mae  wrot- 

A  tea  i^ezM  aesple  of  SK  vu  istrodaced  Into  a  elotai, 
dry  5C  >1  gradoated  eyllaUr  tbre^  a  69*  ftlaea  fosMl  of  65  ae 
top  dlMeeter  vith  a  cat  inch  aten  of  abost  11  ■■  1.3.  Lot  bslk 
denaity  oai^loa  wore  sifted  aioely  throsfth  the  ftsoel  to  a7cld. 
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cosrmxrjiL 


the  ^llssiar  mm  mU  mmuanig  m  tSM  UmA  Zm 
aai  t*.j9*d  Ugfetl?  mmmtml  t£Mc  vitt  »  ««ctei  ;«atell 
tlw  pamrnr  iKxfmcm,  roSmm  mm  rmA  *•  tSM  aemxmt  a£223L^ 
liter  «a&  late  tte  rnryl#  ««1^  tm  gtm  mSk  dmatHar 

la  grmmA7. 


1.  SmSfiya  fi,  SS/iyt,  KSZt  ’Sead  3m.lszstti  as^laas^*, 

fln  fC},  22  ipra  2^. 

2.  *)  i.  lsa£t»  niarr,  *3«5  ^5^*-  *3?s£  SCeasar  rer  jie^- 

mmsUsA  Kill  3e4csstti2«  St?:,  «- 1*5 

mblimbmi.  is  29^- 

b)  1-  Zc^tsxt  gl2a*?,  V.^ 

fiesKts;^  £:?2sei.T»  Siid  is  sSB?  ifc  Sre>ct42’  vl"  Cif,  tp 

be  ps&Ht&el  IS 

3.  IB*.  J,  JL  Ss»«=,  ISse**  ?2ri-)»%tA  i-<«5S3Klc#tl«£ 

!.£.£.  Oesterllas  «rsS  C.  St«M=if,  SiiSrS  Sisl 

2r?2xs*lT«  Erirz^  (v),  5  *5^ 

5.  ?5*  coctoeltrlle  *3l  tsisEes»  sf»T«  s!T<«  «* 

J,  2.  askST  Csnrlol  Oc-  i»  ?Ssi*r  is^'sjfinel^  ^5«£3ct 
crai*  «o2rc3t&. 
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■  >/aKyUteo> 


*-»  r~i  CVJ 

r.><i  >>  ^ 

4^>«0«£3  fX 

I  B.K 

<1  p  p 

«j:^  14  O 

ffi 

cJHC-* 

«S  f50  ®  o 
a  o  ^  46  « 

«4  C-*  »  «  9  « 

Mi  *1  ^ 


sa  ‘'•s  «5. 

|S’*H:«lii 

5  o  p  tA  fl  •  e 

_•  n  a  3  d  a  Vt«4  ^ 
s<0«^  $i  hkm 

4»«3  B  n  _  U  M  « 
>»0  m  Mart  M  o 
a®  u«  •  9  H  S**  h 
ftr}  ^  o  a,il  a  0.O  « 

«4«  £a  4»i<  o 
M  «>»f^W  {sy  (Vr» 

<j»  dt  _r^»t 
aw  0r'4<HQB>na 
•  •'Mooe&agC, 
<»  w  t'.  ®4  a  H  a  a 
w  4^  e  4»  ,3 
•I*  n  ffrl-C  a  ri  w 

laOTMej*  wiciS 

aa«d.g^ij^isa 

a  Q  ti  S  h  'H  5io 

lllll" 


